Ten dry red wines, produced two major wine-producing regions from China-Changli in Hebei Province and Yantai in Shandong Province, were examined in this study. The antioxidant activities of wines were measured by different analytical methods: 2, 2-Diphenyl-1-Picrylhydrazyl (DPPH) radical scavenging activity, 2, 2-azino-di-(3-ethylbenzothialozine-sulphonic acid) (ABTS) radical scavenging activity and Ferric Reducing Antioxidant Power (FRAP). Furthermore, total phenols, total flavonoids and seven individual phenolic compounds (Gallic acid; Catechin; Chlorogenic acid; Caffeic acid; Ferulic acid; Rutin and Morin) of wines were also determined. The results showed that sample 9 (College dry red wine, Cabernet Sauvignon, 2011) contained the highest total phenol content, up to 2131 mg/L; sample 7 (Great Wall dry red wine, Cabernet Sauvignon, Yantai) contained the highest total flavonoids, up to 1282 mg/L. Seven individual phenolics in wine samples were detected by Reverse Phase High Performance Liquid Chromatography (RP-HPLC). Different types of dry red wine polyphenols on DPPH scavenging rate from 78.88 to 98.55%, the highest FRAP scavenging activity was up to 222.66 µmol/L, the lowest was 189.51 µmol/L, different types of wine polyphenols have high ABTS scavenging activity. The current findings will provide useful information for evaluating the wine quality and for educating consumers to choose specific dry wine for specific health-promoting effects.
INTRODUCTION
The wine industry is growing and the wine market has a wider space to develop in China (Li et al., 2009) . The constituents of wine are water, ethanol, saccharides, amino acids, phenolic compounds, pigments and trace metals (Roig and Thomas, 2003; Katalinic et al., 2004; Nilsson et al., 2004; Monaci et al., 2003) . The compositions and properties of grape wine are related to the wine origin and age. Epidemiological evidence indicates that the moderate consumption of wines reduces the incidence of Coronary Heart Disease (CHD), atherosclerosis and platelet aggregation (Tedesco et al., 2000) . This greater protection may be due to the phenolic components of wines, which are particularly abundant in the red wine, since they behave as reactive oxygen speciesscavengers and metal-chelators. Positive correlations between total phenolics and antioxidant capacity have been reported (Gómez-Plaza et al., 2006; Orak, 2007) . The most commonly used antioxidant capacity assays include reducing power, determination of total phenols, 2, 2-azino-di-(3-ethylbenzothialozine-sulphonic acid) (ABTS assay), 2, 2-diphenyl-1-picrylhydrazyl (DPPH assay), hydroxyl radical-scavenger activity, superoxide radical-scavenger activity and lipid per oxidation inhibition. Because multiple reaction characteristics and mechanisms are usually involved, no single assay will accurately reflect all antioxidants in a mixed or complex system. Thus, to fully elucidate a full profile of antioxidant capacity, different antioxidant capacity assays may be needed (Li et al., 2009) .
The goal of this study is to investigate and analyze the phenolic compositions and antioxidant activity of 10 different dry red wines made in China and to compare the phenolic characteristics of these wines. This study will help to better understand the quality of current wines and stimulate the development of enological techniques for their enrichment.
MATERIALS AND METHODS

Materials:
The investigation included 10 red wines from China's major wine-producing regions (Changli in 
Determination of Total Phenolic Content (TPC):
The TPC of samples was determined using the Folin-Ciocalteu reagent-based colorimetric assay as described by Singleton et al. (1999) . Phenolic content was calculated as Gallic Acid Equivalents (GAE) and reported as mg/L wine sample. Briefly, 0.5 mL appropriately diluted sample (or gallic acid standard at 0, 50, 100, 150 or 200 ppm, respectively) was mixed with 0.5 mL of 2 N Folin-Ciocalteu reagent and 7.5 mL deionized water and allowed to stand for 10 min at room temperature; then 3 mL of 20% (w/v) Na 2 CO 3 was added to the reaction mixture and it was placed in a 40°C water bath for 20 min. After the 20 min reaction period, the samples were cooled to room temperature and the absorbance measured at 760 nm (Dong et al., 2013) .
Determination of Total Flavonoid Content (TFC):
The TFC of samples was determined using a modified colorimetric method (Jia et al., 1999) . 0.25 mL of 1:10 diluted wine sample was mixed with 1.25 mL of distilled water and subsequently with 0.075 mL of 5% sodium nitrite solution and was allowed to react for 5 min. Then, a 0.15 mL of 10% aluminium chloride was added and allowed to further react for 6 min before 0.5 mL of 1 M sodium hydroxide was added. Distilled water was added to bring the final volume of the mixture to 3 mL. The absorbance of the mixture was immediately measured at 510 nm wavelength against a prepared blank using a SHIMADZU UV-2201 spectrophotometer. The flavonoid content was determined by a rutin standard curve and expressed as the mean (milligrams of rutin equivalents per L of wine sample) ±Standard Deviation (S.D.) for three replications.
Extraction of phenolics: Phenolics in wine samples
was extracted according to a method by Li et al. (2011) . The samples were extracted with 100 mL ethyl acetate thrice and then filtered through 0.22 µm organic membranes.
Determination of individual phenolics content:
For determination of the individual phenolic compounds we used an HPLC Agilent-1200 series instrument equipped with a UV-Vis photodiode array (DAD) detector. After injecting 5 µL of sample, separation was performed in an Agilent-Eclipse XDB C-18 (4.6×150 mm) column. The column temperature was at 30ºC. Two solvents were used for the gradient elution: A-(H 2 O+1% CH 3 COOH) and B-(Methanol). The elution program used was as follows: from 0 to 3 min, 85% B, flow rate was 1.2 mL/min; from 3 to 7 min, 70% B, flow rate was 1.2 mL/min; from 7 to 8 min, 55% B, flow rate was 0.6 mL/min; from 8 to 14 min, 40% B, flow rate was 1.2 mL/min; from 14 to 14.1 min, 85% B, flow rate was 1.2 mL/min. The gradience with five concentrations of mixture standard (Gallic acid, Catechin, Chlorogenic acid, Caffeic acid, Ferulic acid, Rutin and Morin) were set with three replications, seven groups of standard curves of the concentration were made based on the average area of individual compounds and seven polyphenol compounds were qualified by the external standard method.
DPPH assay: DPPH radical scavenging capacity of samples was evaluated according to the method of Xu and Chang (2007) with slightly modifications. DPPH radicals have an absorption maximum at 515 nm, which disappears with reduction by an antioxidant compound. The DPPH · solution in methanol (6×10 -5 M) was prepared daily and 3 mL of this solution was mixed with 100 µL sample solution. The mixture was incubated for 20 min at 37°C in a water bath and then the decrease in absorbance at 515 nm was measured (A s ). A blank sample containing 100 µL of methanol in the DPPH · solution was prepared daily and its absorbance was measured (A B ). The experiment was carried out in triplicate. Radical scavenging activity was calculated using the following formula:
where, A B = Absorbance of the blank sample A s = Absorbance of the wine sample
Ferric Reducing Antioxidant Power (FRAP) assay:
This method is based on the reduction, at low pH, of a colorless ferric complex (Fe 3+ -tripyridyltriazine) to a blue-colored ferrous complex (Fe 2+ -tripyridyltriazine) by the action of electron-donating antioxidants. The reduction is monitored by measuring the change of absorbance at 593 nm. The working FRAP reagent was prepared daily by mixing 10 volumes of 300 mM acetate buffer, pH 3.6, with 1 volume of 10 mM TPTZ in 40 nm hydrochloric acid and with 1 volume of 20 mM ferric chloride. A standard curve was prepared using various concentrations of FeSO 4 ·7H 2 O. All solutions were used on the day of preparation. One hundred micro L of sample solutions and 300 µL of deionized water were added to 3 mL of freshly prepared FRAP reagent. The reaction mixture was incubated for 30 min at 37°C in a water bath. Then, the absorbance of the samples was measured at 593 nm. A sample blank reading using acetate buffer was also taken. The difference between sample absorbance and blank absorbance was calculated and used to calculate the FARP value. In this study, the reducing capacity of the sample tested was calculated with reference to the reaction signal given by a Fe 2+ solution. FRAP values were expressed as mmol Fe 2+ /g of sample. All measurements were done in triplicate (Xu and Chang, 2007) .
ABTS assay: ABTS was dissolved in deionized water to a 7 mM concentration. ABTS radical cation (ABTS +· ) was produced by reaction ABTS solution with 2.45 mM potassium persulfate (final concentration) and allowing the mixture to stand in the dark at room temperature for 12-16 h before use. For the study, the ABTS +· solution was diluted in deionized water or ethanol to an absorbance of 0.7 (±0.02) at 734 nm. An appropriate solvent blank reading was taken (A B ). After the addition of 100 µL of aqueous or ethanolic (according to solubility) sample solutions to 3 mL of ABTS +· solution, the absorbance reading was taken at 30°C 10 min after initial mixing (A s ). All solution was used on the day of preparation and all determinations were carried out in triplicate (Dudonne et al., 2009) . The percentage of inhibition of ABTS +· was calculated using the following formula:
% inhibition = [(A s -A B ) /A B ] × 100
where, A B = Absorbance of the blank sample A s = Absorbance of the wine sample Statistical analysis: All results in this study were expressed as mean±S.D. of three replicates. Data in triplicate were analyzed by one-way analysis of variance using SPSS 11.5 software package for Windows (SPSS Inc, USA).
RESULTS AND DISCUSSION
Total phenolic content: TPC of 10 dry red wines were measured (Table 1) . Sample 9 presented the highest TPC (2149±108.21 mg/L), followed by sample 2, 3, 1, 4, 5, 6, 7, 10 and 8, respectively. The TPC of sample 9, 1, 7 and 8, respectively was significantly different from each other (p<0.05). However, significant differences in TPC were not found among sample 4, 5, 6, 7 and 10, respectively (p>0.05). The results indicated that sample 9 and 2 contained high concentrations of total phenolics. It was well known that the composition of phenolics in wines varied with grape variety, species, seasons, environment and management factors. Both genetic and agronomic or environmental factor play important roles in phenolic composition and concentration.
Total flavonoid content: TFC of 10 dry red wines are presented in Table 1 . Among all the wines analyzed, sample 7 had the highest TFC (1281±10.53 mg/L), followed by sample 3, 9, 8, 5, 4, 10, 2, 6 and 1, respectively. There was significant difference (p<0.05) in TFC between sample 7, 9, 10, 6 and 1, respectively. However, significant differences in TFC were not observed among sample 3, 4 and 5, among 2, 8 and 10, respectively (p>0.05). In this study, there was 1.6-fold difference in TFC between the highest and lowest ranked wines, sample 7 and 1. 
Analysis of individual phenolics in dry red wines:
The High Performance Liquid Chromatography-Diode Array Detection (HPLC-DAD) chromatogram of the individual phenolics mixture standard were shown in Fig. 1 . The mixed standard substances were separated at various scanning wavelengths and the wavelength selected can simultaneously determine a variety of phenolics. After analysis and comparison of the spectrograms at each wavelength, it has been found there was no wavelength at which 7 kinds of phenols can be simultaneously determined. This problem can be overcome by using a multiple wavelength scanning program which is capable of monitoring several wavelengths simultaneously, in which 7 phenolics were able to achieve maximum absorption and the baseline was stable, separation and repeatability was good. The statistical analysis for linearity of the calibration curves of phenolic compounds were indicated in Table 2 . The correlation coefficient of each phenolic compound was good. As shown in Table 3 , the calculated recovery of each phenolic compound ranged from 85.11 to 110.36%, respectively. These results allowed us to conclude that good accuracy was reached in the dry red wine phenolic compounds determination.
The content of Gallic acid, Catechin, Chlorogenic acid, Caffeic acid, Ferulic acid, Rutin and Morin in 10 dry red wines were shown in Table 4 . The content of phenolic compounds ranked the samples in descending order, as follows: Ferulic acid>Catechin>Gallic acid>Chlorogenic acid>Caffeic acid>Rutin>Morin. Sample 2, 3, 5, 6, 7, 8 and 9, respectively had the highest Ferulic acid content. Ferulic acid is an abundant phenolic phytochemical found in plant and food. Kikuzaki et al. (2002) suggested that ferulic acid was most effective radical-scavenging activity among the tested phenolic acids. Sample 1, 4 and 10 presented the highest Catechin content: 120.87, 94.33 and 217.44 mg/L, respectively. DPPH radical scavenging activity: As a rapid and simple measure of antioxidant activity, the DPPH radical scavenging capacity has been widely used. DPPH is a stable free radical with a characteristic absorption, which decreases significantly on exposure to proton radical scavengers (Sun et al., 2011) . The DPPH radical scavenging activity of 10 dry red wines were shown in Table 5 and the values were significantly different. Sample 7 had the highest DPPH radical scavenging activity (98.55±0.52%). The scavenging effect of samples on the DPPH radical decreased in the order of sample 7>sample 1>sample 3>sample 8>sample 10>sample 4>sample 5>sample 6>sample 2>sample 9. It has been reported that the antioxidant activity of many compounds of botanical origin is proportional to their phenolics contents, suggesting a causative relationship between TFC and DPPH radical scavenging activity. Interestingly, sample 7, which exhibited the highest TFC, registered the highest DPPH radical scavenging activity.
FRAP assay:
The FRAP assay is often used to measure the antioxidant capacity of foods, beverages and nutritional supplements containing polyphenols. The antioxidant capacities of wine samples using FRAP assay were indicated in Table 5 . The wine samples in general exhibited higher antioxidant capacities and the values ranged from 189.51±9.43 µmol/L (sample 6) to 229.66±6.17 µmol/L (sample 9). The results showed that sample 9, which exhibited the highest TPC, registered the highest FRAP activity. This is in agreement with the result obtained by Loots et al. (2006) , who suggested that the FRAP of Kei-apple juice correlated well with the polyphenol concentrations.
ABTS scavenging activity:
This ABTS method determines the antioxidant activity of hydrogen donating antioxidants and of chain breaking antioxidants. The ABTS assay is applicable on both lipophillic and hydrophilic compounds (Sasidharan and Menon, 2011) . The antioxidant capacities of wine samples using the ABTS assay were shown in Table 5 . In present study, the wine samples showed notable A ＋· cation radical scavenging activity. Sample 9 had the highest ABTS ＋· radical scavenging activity (92.54±2.65%). The results showed that wine samples with high TPC, also presented a high antioxidant capacity in ABTS and FRAP model. Bao et al. (2005) reported the similar results that the highest ABTS scavenging activity of bayberry was attributed to the presence of higher levels TPC, TFC and anthocyanins.
CONCLUSION
The present results describe TPC, TFC and 7 individual phenolic compounds (Gallic acid, Catechin, Chlorogenic acid, Caffeic acid, Ferulic acid, Rutin and Morin) in 10 dry red wines made from China's two major wine-producing regions. Our results have found that significant differences in TPC, TFC and individual phenolic compounds can exist among the wines. These dry red wines also showed higher antioxidant activity when evaluation by FRAP, DPPH and ABTS radical scavenging ability assays. This study has shown that the phenolic present in wines has potent antioxidant and that the antioxidant activity in wines is positive correlated with TPC and TFC. These dry red wines from Changli and Yantai may serve as natural antioxidants for human nutrition and health.
